Normal rat liver and brain slice respiration was studied at 37 °C by the polarographic technique of Longmuir in the presence of oxygenated solutions and with addition of clinical concentrations of halothane to the mixtures. In the presence of oxygen alone, passive and facilitated diffusion seem responsible for the transport of oxygen in both tissues. In presence of halothane, the passive diffusion is predominantly inhibited. Besombe and Longmuir (1971) have shown that halothane has an effect on tissue oxygen transport. They showed that in the presence of succinate, a substrate whose oxidation is not affected by halothane, liver slices required a higher oxygen tension to produce the same respiration rate in the presence of halothane than in its absence. There are in general two ways by which oxygen may be transported in tissue: passive diffusion and facilitated diffusion. Longmuir and Sun (1970) and Longmuir and associates (1971) have shown that in liver the predominant method of transport is facilitated diffusion, while in the case of brain, the picture is equivocal. Using a different approach, Gold and Longmuir (1971) have shown that in liver approximately twice as much oxygen is carried by facilitated as by passive diffusion. We wished to find if halothane affects oxygen transport in brain as it does in liver, and if it does so by affecting simple passive diffusion or by interfering with the postulated mechanism of facilitated diffusion.
One approach to this problem would be to use the graphical method of Longmuir and Sun (1970) . However, this method relies on determining the goodness of fit by eye; and while it might be acceptable in clear cut cases, it is not so satisfactory where there is doubt. A more sophisticated computer approach has been developed by Longmuir and associates (1971) . This latter technique, however, is complicated and more complex than is necessary to answer the questions we have posed here. So, we have developed a simpler program in an attempt to solve these problems.
APPARATUS AND METHODS
The experimental protocol was that used by Besombe and Longmuir (1971) . The brain slices were cut in the same way as the liver. Since the supporting electrolyte contained more than 0.1M potassium, it was able to maintain optimal brain slice respiration.
Computer program
The details of this are given in the Appendix. The objective of this program is to determine which model of oxygen transport fits the experimental measurements better. If the major mechanism of tissue oxygen transport is by passive diffusion, then the respiration rate of slices should be related to the ambient partial pressure of oxygen by the following relationship: rate=2A a y^D Pa,/* (D) (1) where A=the area of the slice in cm 2 ; 2=the respiration rate of unit volume of tissue when fully supplied with oxygen in ml/ml tissue/min; D=the diffusion coefficient in Krogh's units. If the predominant method of transport is by facilitated diffusion, then the data should fit the following equation: rate=(V ma:c xPo 2 )/(K m +Po 2 ) (MM) (2) where V max =maximum respiration rate of the whole slice at infinite Po 2 ; K m =a constant numerically equal to the oxygen tension at which the slice respires at half its maximum rate.
The experimental observations to be fitted to these equations are plots of the POj against time obtained by suspending the slices in saline and continuously recording the Po,. These were constructed for both liver and brain slices in the presence and absence of various concentrations of halothane according to the procedure described by Besombe and Longmuir (1971) .
Two methods may be used to examine the data. The equations describe rate of change of Po 2 with respect to time, while the data are in the dimensions of time and Po 2 ; so it is necessary either to differentiate the data or integrate the equations. There is a good reason why the latter is the better method; differentiating experimental observations produces enormous increases in the errors and is technically rather complex, while no corresponding loss of precision or appearance of false accuracy arises when a theoretical equation is integrated. Both methods were tried; but the method finally adopted was to read off the value of Po 2 at various time intervals, and use these data to find the best fitting values of the various parameters in the integrated forms of the two equations (the estimable parameters being function of the initial Po 2 , a, D, V mai and K m ). The best fitting values of the parameters were obtained by rerunning the program with different values until the lowest value of the Residual Mean Squares (MS) was obtained. The MS is calculated by using the computed values of the parameters and then calculating values of the Po 2 at the selected time intervals and comparing these values with the experimental ones. The lower the value the better the fit; a perfect fit would give MS of zero. The details of the method for obtaining the best fitting values of the parameters and the MS's are given in the Appendix.
There is one point that should be mentioned with respect to the comparison of the two equations to the experimental observations. The integrated form of equation (1) contains two parameters, while that of equation (2) contains three. Thus, equation (2) will be more readily fitted than (1). This can be overcome by using a third equation (called hereafter the C equation):
This is essentially the same as equation (1). The only difference is that, instead of raising Po 2 to the power of a half, it is raised to 1-c, introducing a third parameter which facilitates comparison with equation (2). Tables I-IV give P<0.01) . If the c coefficients were not significantly different from 0.5, then the better performance of the MM equation versus the D equation could be due to the third parameter; and no conclusion could be drawn. But the c coefficients are nearly all smaller than 0.5. The conclusion is that the MM equation as an adequate model to explain the experimental data has thus to be taken carefully.
RESULTS
For the liver slices in the presence of halothane, the MM equation gives a significantly (P<0.01) better fit than the D and the C equations. For the brain slices in presence of oxygen alone, the D equation gives a significantly (P<0.05) better fit than the MM equation. This difference is evidently enhanced with the C equation (P<0.01).
For the brain slices in the presence of halothane, the MM equation gives significantly (P<0.01) better fitting than the D equation and the C equation. Evidence has recently been presented that the carrier system consists of cytochrome P 450 situated on the endoplasmic reticulum (Soucie, Longmuir and Sun, 1971; Longmuir, 1971 ). This system is present in larger amounts in the liver than in the brain. Cytochrome P 450 reacts specifically with piperonyl butoxide; and, when so complexed, it cannot react with oxygen. The effect of this inhibitor is exactly the opposite of the effect of halothane: the respiration of liver slices is changed so that the D equation is favoured (c->0.5). Halothane has been shown to have no effect on cytochrome P 450 in this respect.
Thus, it appears that the effect of halothane must be on passive diffusion, perhaps by sol-gel transformation, the mechanisms proposed by Seifritz (1941), or "hot ice", as suggested by Pauling (1961) . When we began this work, we hoped that we might find that halothane would affect our carrier system and thus we could use it as a tool for the further elucidation of the mechanism of the carrier. However, we feel that the observation that both passive and facilitated diffusion of oxygen appear to occur in both brain and liver may be of some clinical importance. Phenobarbitone treatment of the whole animal can produce a tenfold increase in the P 450 system in liver (Kato and Takanaka, 1969 ). This does not normally produce any kinetic change, but it might be of importance when oxygen availability is reduced. Piperonyl butoxide is a common component of many domestic insecticide sprays, and it seems quite likely that some patients may have absorbed enough for it to have an appreciable effect on the ability of their tissues to transport oxygen. Since this inhibition would be of a different path from that inhibited by halothane, the combination of the two agents might be additive.
APPENDIX

Mathematical method The models.
Let y(t) be the Po, in the medium at time t, and y 0 the initial Po 2 . The two mathematical models are:
The Michaelis Menten equation (MM equation)
-(dy/dt) = (V max x y)/(K m + y) (2) which on integration gives y + K m lny=y 0 + K m lny 0 -V mai t (3) where In y is the natural logarithm of y.
The passive diffusion equation (D equation)
-(dy/dt)=ayi (4) where a=2A 2 s/2D/ 2 of equation (1) which solution v/y= v/yo-at/2 (5) The rates are negative since oxygen is lost from the medium as the slices respire.
The MM equation has three unknown parameters (y« K m , V maI ), while the D equation has only two (y 0 , a). Thus, in general, a better fit with the MM equation could be expected. For comparison purposes, a third equation with three parameters is introduced. The graphical method used in Longmuir and McCabe (1964) and Longmuir and Sun (1970) On each experimental curve, the Po 2 , (z), in the medium is measured at N=25 equidistant time epochs ti, i=I, 2, ... N; thus, the set of the observed Zi=z (tj), i=l, 2, ... N, assumed to be equal to the sum of an expected value yi=y (ti), which value obeys one of the proposed equations and an error term e ls randomly selected from a series of identically and independently distributed random variables with zero expectation.
The unknown parameters of each equation are estimated from the Z; by minimizing N
-I
Non-linear Least Square estimation. Let yi=f(a,, ... a r ; i) be the expected value of Zi, (i=l,, ... N) with aj , (j=l, ... r) the unknown parameters. The Least Square method is used to find the parameters aj , (j = 1, ... r) that minimize S with N N
As the three equations to be fitted are non-linear in some of their parameters, an iterative procedure has to be used. Let a'j be a first guess of aj, and a^a'j + bj j = l,... r The problem is to compute the b/s. From Taylor's series expansion formula, yi=f(a 13 ...a r ;i)=f(a' 1 +b 1 ,... a' r +b r ;i) at a',, ...a' r The bj are assumed small enough such that the terms in bj of order greater than 1 can be neglected, thus R can be neglected. Should it not be the case at the end of the computation, the iteration will be started again with better approximation of aj. Having computed the bj's, a new iteration is started with the new a'j equals to a'j + bj. The procedure is stopped when the correction bj can be neglected.
That iterative method has been applied on each set of experimental data with each of the three equations to be fitted. The values of the q jt for the three equations are: When the iterative procedure has converged, S is computed using the final estimation of the parameters a, to compute Vj. The mean square of the residual, MS, equals S divided by N-r (i.e., 22 for the MM and C equations, and 23 for the D equation 
